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I INTRODUCTION 
On the phenomenal aspect of color D. Katz and many other psycholo-
gists have concentrated their interests, but only a few reseaches have been 
carried out about the "phenomenon of expansive color". 
The term "phenomenon of expansive color" which came into the literature 
of psychology through the work of Y. Tachibana implies the phenomenon 
in which an apparent size of a surface of the identical size varies with the 
difference of colors which fill the surface. 
This phenomenon was described at first by W. Kandinsky from an aesthe-
tic point of view. He stated that when they gazed at the two circles of the 
same diameter but differing in color, such as yellow and blue, the yellow 
began to move outside from the center of the circle, with glitter, and on 
the contrary the blue moved centripetally (5). 
v. Allesch also, in his investigation concerning the modes of aesthetic 
appearance of color, found that red and yellow seemed to be expansive, 
blue and blue-green to be contractive (1). 
The first experimental study of this phenomenon was made by Warden 
and Flynn (8). The purpose of their experiment was to investigate the effect 
of color on apparent size and weight. They placed eight rectangular cartons 
identical in size but differing in color on a shelf in a glass case. Subjects 
were told to judge the relative size of each cartons in eight different serial 
arrangements. The results, when all arrangements were considered together, 
showed that average ranks for the eight colors were all very close to each 
other. Therefore, they concluded that color-size illusion depended upon the 
specific serial arrangement of the boxes rather than upon the quality of 
color or the contrast effect of the immediate context. 
Afterward Gundlach and Macoubrey attempted to check Warden and 
Flynn's result, (2) by duplicating their method ( experiment I), and by using 
a different method, i.e., paired comparison (experiment II). The results sho-
wed that the order of the apparent size was in experiment I yellow, white, 
green, purple, blue, red, grey, black, in experiment 2 green, yellow, white, 
purple, blue, red, grey, black. 
That is, correlation of the ranking in experiment I with II yielded a 
coefficient of +0. 93, and when the ranking in experiment II was correlated 
with the luminosity (luminosity of white, 100: black, 0) of the color, a co-
efficient of +O. 86 resulted. Then they concluded that this effect appeared 
to be directly related to luminosity of the colors involved. In the above 
mentioned two experiment the solids were used as material of experiments. 
Mitra and Datta adopted three kinds of plain figures, circles, squares and 
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triangles of different size and color (4). The subjects were required to judge 
the areas of these figures. The result of the experiment on nine subjects 
showed that the colored figure was more frequently overestimated than black 
or white figure, and most frequently overestimated was green. But Mittra 
and Datta did not refer to the basic factor of these overestimation. 
The most systematic and thorough-going investigation, especially quanti-
tative measurment of the phenomenon was carried out by Y. Tachibana at 
the Institute of Psychology, Tohoku University, using ten chromatic colors 
and three achromatic colors (6). He paired each color with its complementary 
color respectively that the psychological effect of hue might be more inten-
sive. Three kinds of method were adopted to compare them. (a) Object 
to be compared was horizontal line on each of the two colored sufaces. 
There was a standard stimulus of 100 mm in size on one surface, and on 
another a comparative stimulus. The subjects were required to make the 
size of comparative stimulus apparently equal to the size of standard 
stimulus. (b) Instead of horizontal line, Miiller-Lyer illusion figure was 
adopted. (c) Each stimulus was divided by small mark on the colored surfaces. 
In all cases the results were not so different as to be noticiable, and it was 
found that white, yellow, red, yellow-green and green were expansive against 
black, indigo, blue-green, violet and purple. Tachibana concluded that, in 
general, "warm colors" have a tendency to expand against "cold colors", 
and that the brightness difference of between the paired two colors could 
not be regaded as an essential factor of the phenomenon, though it serve 
as a contributive factor, because the size of expansion did not always run 
parallel with the brightness difference. 
Afterward he examined how the relation between expansion and difference 
of brightness changed at occurrence of the Purkinje-phenomenon, and he 
failed to gain the result enough to provide the brightness-theory with decisive 
evidence (7). 
The foregoing researches concerning the phenomenon under considera-
tion did not coincide with one another on the following two respects, what 
color is expansive and what color is contractive, and whether the brightness 
difference is the essential factor of expansion and contraction or not, and 
if not, what is the one. 
In a preliminary experiment we tested at first whether color had any 
effect on the perception of size or not, repeating Tachibana's third expe-
riment, in which both of the standard and the comparative stimulus were 
colored surfaces with a small mark. 
From the results of preliminary experiment we could confirm the marked 
effect of colors on the perception of size. 
Therefore, we intended to settle above mentioned two problems the 
present experiment is devoted to this purpose. We improved on Tachibana's 
method and procedure that are not without some defects, for instance, not 
enough number of subjects were employed to produce reliable results. 
Observing time was not limited. Observing distance was too short to make 
the effect of color intensive and pairs of colors to be compared were con-
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sisted of pairs of complementary colors only. 
II METHODS 
(1) Subjects 
The Subjects employed in this experiment were 20 university students 
with the normal color sense. One half of them served as a experimental 
group (E. Group) and the other half as a control group (C. Group). Except 
one female all subjects were male students. 
(2) Material and Apparatus 
Stimuli : Twelve (12) Zimmermann's standard colored papers ; red (R), 
orange (0), yellow (Y), yellow-green (Y. G), green (G), blue-green (BG), blue 
(B), indigo (I), violet (V), purple (PJ, white (W) and black (BL). 
Their brightness measured by the polarisation-photometer are shown in 
Table 1. 
Table 1 Luminosity of colors. Unit of luminosity 
is arbitarily set as white, 100: black, 0. 
Color I R f O I Y I Y. G I G I B. G j B j I [ V j P I W J B. L 
Luminosity] 40. of 65. sf ss. of 75. o \ 47. s[ 45. o j 20. ol 7. s f 17. s f 32. s \ 100. ol o 
A 8 
~1~1 I 
~------+--)--~---------------· ;-------175111111·-- ---~ ------- - -- - -·-- .J.lf/nm· •·- -----------/ 
~------------ ,fll-Om111 --------------~ 




A. Standard stimult1s 
B. Comparative stimulus 
C. Stimuli fitted into a frame 
Cards A and B in Fig. I were cut off from each of ten colored papers, 
and accordingly the colored cards prepared totaled 24. On each of them 
there is a small mark, by which colored card A is able to serve as a st-
andard stimulus and B as a comparative stimulus. 
Apparatus : Two cards to be compared is fitted into a groove of a frame 
(C. in Fig. I). In the groove the standard stimulus is fixed and behind it 
the comparative stimulus is placed so as to be movable along the groove. 
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The size of overestimation of B in comparison with A is shown on the scale 
graduated in back of the frame, just as in the manner of measurement of 
size of Miiller-Lyer illusion. 
In a dark room there is a apparatus shown in Fig. 2. A grey screen is 
set on a grey table. The stimulus is exposed through a rectangular window 
in the middle part of the screen. Distance from subject's eyes to the stimulus 
is 150cm*. 
Illumination was give by two electric lamps on both side of the subject, 
and the light is directed as to illuminate the window only. The rest of the 
field remained dark**· 
(3) Procedure. Number of pairs to be compared by E. Group is the total 
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=45 (Table 2). 
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In order to eliminate ex-
perimental errors as far as 
possible, comparison in one pair 
was given four times, first, on the 
original pairing, second, on the 
pairing in which the comparative 
stimulus is replaced by the 
standard stimulus, and that by 
descending and ascending of the 
comparative stimulus in each 
case. Accordingly total compa-
risons to be made by a subject 




I • J'ubJed 
Fig. 2 Apparatus 
Table 2 
The original pair are div-
ided into four series (Table 3), 
and the subject are required 
to make comparisons of each 
series a day. 
Combination of IO chromatic colors used in the experiment 
Series 1~ :0 [8 B.G I y :, B i Y. G : G I G : I I B. G : I : B.G p Y. G : V I B : V ! p : V R:P 
1~ 1~ Ii I I • Series :Y y : Y.G Y.G:B.GiG:V IB.G V :V B :B y: I I Y.G: p I 
Series I R : Y. G I O : Y. G [Y G I Y. G : B I G : B. G I B. G p R: I O: I ,Y V G: P I: V 
' 
4. Series IR: G I : p 
IO: G 
B : I 
I y: B.G 
R:V 
I Y.G: I 
O:V 
I G: B Y:P IB.G:B 
* This is about four times longer than the distance in Tachibana's experiment. 
** It is desirable, in general, to observe a color under the sun light, but we had to 
use the artificial light so as to keep the conditions of experiment constant. As the 
illumination on the screen was so intense (1400 Lux) that the colors there did not 
seem much different from the one observed in the sun light. 
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Table 3 
Series of pair of color imposed on E. group 
R: 0 0 : y y : Y.G Y.G:G G:B.G B.G:B B : I I :V V:P 
R : y 0 : Y.G y : G Y.G:B.G G:B B.G: I B:V I : p 
R : Y.G 0 : G y : B.G Y.G:B G: I B.G:V B : p 
R : G 0 : B.G y : B Y.G: I G:V B.G:P 
R : B.G 0 : B y : I Y.G:V G:P 
R : B 0 : I y : V Y.G:P 
R : I 0 :V y : p 
R :V 0 : p 
R : p 
In comparing, the experimenter presents the pairs of colors one after 
another and requires subjects to compare each pair twice, descending and 
ascending, and after that, exchanging the standard stimulus for the comp-
arative one, requires them to compare it twice again. 
The experiment begins after the following instruction has been given. 
"Close your eyes lightly at the signal of 'Get ready' and open them at 'Begin', 
and you will see two colored surfaces filling a window of the screen and a 
small white mark on each of them. The left surface with a mark is the 
standard stimulus and the other is comparative stimulus; the compaparative 
stimulus is moving toward either right side of the window or left side, 
according to the movement of it the size from a boundary of two surfaces 
to the mark of the comparative stimulus varies, but the size to the left mark 
remains constant. Compare two size with each other and when you see them 
equal, make a sign to me". 
The period of the stimulus exposure is five seconds : at the beginning 
of exposure two stimuli are presented with 30 mm difference of size, but it 
decrease gradually, according to the movement of the comparative stumulus 
which moves uniformly. (8mm/ sec. ) 
(4) Method of Quantitative Measurement and Scoring 
We measured the quantity of the effect of color after Tachibana's 
method. The experimenter, receiving the sign from a subject, stops the 
movement of the comparative stimulus and measure the size estimated by 
the subject as is apparently equal to the size of the standard stimulus (100 
mm), and scores the difference between the two sizes. 
Positive difference ( + X) means that the color of the standard stimulus 
was seen as larger than the color of the comparative, and negative difference 
(-X) means the reverse. 
We regarded the mean of four raw scores for one pair by a subject 
as the final score for the pair by him so that we might eliminate as possible 
the constant error. 
Statistic analysis : in order to test the statistic significance of X we ev-
aluated by t-test the difference between X of white and white imposed on 
C. group and Xs of nine colors. X of white and white is assumed to corres-
poned to the limit of experimental error. df is 18 through all tests. 
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III RESULTS 
(1) Results of the Control group 
We assigned the comparing of pair of white and white to know the 
quantity of cnstant error that is inevitable even in comparing the identical 
color, and white and black to gain the data by which we could consider 
Ss 
Table 4 the effect of color in relation to the brightness. 
p · 1 
1 
The results are given in Table 4. The effect 
air W: W W:BL of color is compared with each other in term 












-O. 5 +2-O X of white and white is -0. 28 with the standard 
+O. 7 -O. 2 deviation (S. D. ) 1. 21. X of white and black is 
-O. 2 +1. 7 + 1. 24 with the standard deviation 1. 25, this 
+o. 5 +2-5 indicate that white is seen larger than black by 











Statistical analysis shows that the difference 
is not significant, but white has the tendency 
to be overestimated in comparison with black. 
(t=l. 655. 10 <P <25) 
(2) Results of Experimental Group 
S.D. 
-0. 281 +1. 24 
1. 21 1. 25 
Description of the results of E. group will be 
stated into two items ; the first is the relation 
between color each other, the second is the 
general tendency in intensity of the effect of color on the perception of size. 
(A) Relation between colors each other 
The results of experimental group are shown in Table 5 and Fig. 3~12. 
Table 5 
Xs in each row show the difference between each color in row and a color 
in column. +X means that color in row was seen larger than the color in 
column, and -X means the reverse, S. D. is the standard deviation. 
R I O I Y I Y. G I G ! B. G I B I I I V I P 
I X 'I I +0.751 +LI;*! +l.Ol*l-0.431+0.211-0,9;1-l,;~1-1.~;1-0.65 Red S. D l. 48 0. 81 
1 
1. 28 1. 59 1. 34 1. 51 0. 97 0. 94 1. 02 
I x 1-0 751 +o. 731 +0.121-0. 631-0. 2411 _1. ;;1-1. ;;1·-L ;~ -o. 22 Orange s. D 1: 48 0. 88 0. 91 0. 99j l. 48 0. 87 0. 48 1. 06 0. 72 
Yellow I X 1-l.19*1-0.731 1-0.411-l.511-l,25r-1.;1~;_:1-2.3:1-l,50 






x -I. 01 -0.13 +o. 41 -o. 31-0. 72 -1. 88-1. 71-0. 81 -o. 68 ! I *I I I I **I **[ *I S. D 1. 28 0. 91 1. 50 0. 82 1. 48 0. 961 1 IOI 0. 92 1.12 
I 
x I +0.431 +o.631 +1.5tl +o.311 l+0.411-1·~=1-1.;;1-0.681-0.69 
S. D 1. 59 0. 99 0. 67 0. 82 0. 91 1. 67 l. 45 1. 02 1. 43 
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Blue-
Green 
X 1-0. 21 I +0. 241 +J. 2;*1 +O. 72 -0. 411 1-0. 27 -0. 041-0. 711-0. 23 







x I +o.9/1 +1.8;*1 +1.8;*1 +l.8;*1+1.;;_:l+o.97 -0.491+0.141+0.10 
s. D 1. 51 0. 87 I 1. 36 0. 96 1. 67 1. 59 1. 43 1. 34 0. 84 
I x I +1. 2;*1 +1. 2t +2. 4;*1 +1. 1t1+1. ;;l+o. 04j+o. 491 1+1. ;;J+o. 8; S. D 0. 94 0. 48 0. 88 1. 10 1. 45 1. 041 1. 43 0. 98 0. 67 
*, significant at or beyond 5 % level of confidence 
**, significant at or beyond 1 X level of confidence 
+l:r-<::: ~ C 4 
_ 1.()ir''J O Y ~~ BC~-.... :__ ?_v P 
Fig. 3 Relation between red and the other colors 
mm 
+10 




Fig. 5 Relation between yellow and the other colors 
/1TIQ 
+ IJ.1 
Fig. 6 Relation between yellow-green and the other colors 
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-1.0 
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Fig. 8 Relation between blue-green and the other colors 
Fig. 9 Relation between blue and the other colors 
() y tl 8.6' 8 <IJ 
Fig. 10 Relation between indigo and the other colors 
tJ y YC /Ul 
Fig 11 Relation between violet and the other colors 
Fig. 12 Relation between purple and the other colors 
V p 
V p 
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1) Relation between red and the other colors. 
Fig. 3 indicates that yellow-green, orange, and blue-green take positive 
X, and indigo, blue, purple and green take negative X. 
From results of statical analysis we can conclude the following: (a)Yellow 
and yellow-green were seen markedly larger than red, (b) orange has the 
tendency to be overestimated, ( c) green and blue-green were neither 
overestimated nor underestimated, ( d) purple has the tendency to be 
underestimated, (e) blue, indigo and violet were seen markedly smaller. 
2) Orange and the other colors. 
Fig. 4 indicates that yellow and yellow-green take positive X against 
orange, but X of yellow-green is too low to be significant, blue, violet, indigo, 
red green, blue-green and purple are seen smaller than orange. X of purple 
is obviously not significant. From result of test of each X, we can conclude 
the following; (a) none of colors is overestimated enough to be statistically 
significant in comparison with orange, (b) ylellow has the tendency to 
be overestimated, (c) yellow-green, blue-green and purple are neither over-
estimated nor underestimated, (d) green and red has the tendency to 
be underestimated, (e) blue, indigo and violet were seen markedly smaller 
than orange. 
3) Yellow and the other colors. 
It is obvious from Table 7 and Fig. 5 that no one was seen larger than 
yellow. The curve in Fig. 5 take its maximum at yellow and minimum at 
indigo, and that X of yellow and indigo is the largest value of all :XS in 
this experiment. The statistical analysis shows that (a) none of colors is 
overestimated in comparison with yellow, (b) yellow-green is neither over-
estimated nor underestimated, (c) most of the dark colors are underestimated 
markedly, and their Xs are statistically significant beyond 0. 1 percent level. 
4) Yellow-green and the othei- colors. 
The result of yellow-green and the other colors is given in Fig. 6. What 
was overestimated in comparison with yellow-green was none excepting 
yellow, its X is, however, statistically not significant, and others were more 
or less underestimated. From the statistical analysis we conclude the follow-
ing; (a) none of colors is overestimated in comparison with yellow-green, 
(b) blue, indigo, red, violet are markedly overestimated, (c) the others are 
unsettled. 
5) Green and the other colors. 
The results of test show that (a) yellow was overestimated in comparison 
with green significantly beyond 0.1 percent level. (b) orange has the 
tendecy to be overestimated. (c) red, purple, yellow-green and blue-green 
were neither overestimated nor underestimated, (d) violet showed the tendency 
to be underestimated. (e) blue and indigo were markedly underestimated. 
6) Blue-green and the other colors. 
Fig. 8 shows the result of blue-green and others. From the results of 
the test, we conclude the following; (a) yellow was markedly overestimated 
in comparison with blue-green, (b) yellow-green showed the tendency to be 
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overestimated, but its Xis low, (c) the others were neither overestimated 
nor underestimated, (d) none of colors was underestimated in comparison 
with blue-green. 
7) Blue and the other colors. 
The result of blue and the other colors are shown in Fig. 6. The curve 
does not descend beyond horizontal line of zero except at indigo. This 
implies that the all except one have the tendency to be overestimated in 
comparison with blue, and that X of indigo is too low to be statistically 
significant. Another characteristic of this curve is that it does not undulate 
between change and yellow-green. From the result of the test we conclude 
the following; (a)green, red, orange, yellow, and yellow-green were obviously 
overestimated in comparison with blue, and especially Xs of orange, yellow-
green are very high, (b) other colors were neither overestimated nor under-
estimated, (c) no one is so underestimated as to be statistically significant 
in comparison with blue. 
8) Indigo and the other colors. 
The reslut of indigo and the others are shown in Fig. 10. The curve in 
Fig. 10 takes its maximum at yellow and minimum at indigo, and does not 
descend beyond the horizontal line of zero. This indicate the fact that all 
colors were overestimated in comparison with indigo, in other words, indigo 
is the color of most underestimated of ten chromatic colors. 
The result of statistical test make us conclude the following; (a) most 
of ten colors were overestimated markedly in comparison with indigo, espe-
cially quantity of overestimation of yellow is the largest, (b) blue-green and 
blue were neither overestimated nor underestimated. 
9) Violet and the other colors. 
Fig. 11 shows the result of violet and the other colors. As to the relation 
between violet and the other colors, we can say that (a) red, orange, yellow, 
and yellow-green were markedly overestimated in comparison with violet, 
(b) green showed the tendency to be overestimated, (c) only indigo was 
underestimated, (d) blue-green and blue were unsettled. 
10) Purple and the other colors. 
Fig.12 shows the result of purple and the other colors. From the result 
of the test we can conclude that (a) it is only yellow that was overestimated 
enough to be statistically significant, (b) red has the tendency to be over-
estimated, (c) orange, blue-green, yellow-green and green are neither overes-
timated nor underestimated, (d) blue has the tendency to be underestimated, 
(e) indigo and violet are markedly overestimated, in comparison with purple. 
(B) Total of Each Relation. 
Hence we considered the relations between each color and the others. 
In order to find the general tendency in intensity of effect of each color on 
the perception of size, next we had to consider the total of each relation. 
Therefore, we calculated the mean of nine Xs of color to the others. The 
results are shown in Table 6 and Fig. 13. 
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Table 6 
The figures in each row is the X of individual color, and the mean of 
the total figures in each column shows the relation of one color to the 
others, for example, Red's sign ( +) means that Red is inclined to be 
seen as larger than the others. 
~I I I I Y.G I I B.G I I I I R 0 y G B I V s 
R +0.75 +1.19 +1.01 -0.43 +0.21 -0.96 -1.26 -1.15 
0 -0.75 +0.73 +0.31 -0.63 +0.24 -1.87 -1.25 -1.60 
y -1.19 -0.73 +0.41 -1.51 -1.25 -1.85 -1.48 -2.34 
Y.G -1.01 -0.13 +0.41 -0.31 -0.72 -1.88 -1. 71 -0.81 
G +0.43 +0.63 +1.51 +0.31 +0.41 -1.04 -1.25 -0.68 
B.G -0.21 +0.24 +1.25 +0.72 -0.41 -0.27 -0.04 -0.76 
B +0.96 +1.87 +1.85 +1.88 +1.04 +0.27 -0.49 +0.14 
I +l.26 +1.25 +2.48 +1. 71 +1.25 +0.04 +0.49 +0.19 
V +1.15 +I.60 +2.34 +0.81 +0.68 +0.76 -1.14 -1.19 











Mean ofXJ +o.12J +0. 571 +1. 321 +0. 681 +0. 031 -0. 01\ -0. 821 -1. 01] -0. 68,-0.10 
mm 
+f.0 
Fig.13 The general intensity of the effect of colors 
on the perception of size 
IV DISCUSSION 
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From the consideration of the results we could find the general tendency 
of the effect of color. Next we need to consider the factor that determine 
the intensity of the effect. 
The stimuli in this experiment is not the spectrum light but the Zimmer-
mann's standard colored papers, which is saturated one, but it is not able 
to be saturated so completely as the spectrum color. Therefore, it is inevi-
table that the luminosity curve of the colored papers does not accord with 
the one of the spectrum. Accordingly, what we means under the name of 
some kind of "color" is the color named so by Zimmermann, and is not the 
color that has the attribute same to the one of the spectrum color. 
There are nomally three attributes to the perception of an object color. 
These attributes are hue, saturation and brightness. Hence we considered the 
results without remark about the difference of brightness. On the assump-
tion that the saturation is complete, we had to proceed to consider the 
relation between brightness and the effect of color. 
(1) Relation between brightness and the effect of color. 
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Fig. 14 The relation between the brightness and the effect of color. 
It is obvious from Fig.14 that the effect of c::>lor, on the whole, becomes 
more intensive with increasing of the brightness. The correlation of rank 
in brightness with the effect of color yielded a coefficient of + 0. 95. This 
coefficient is larger than the one in Gundlach and Macoubrey's result, +0. 86. 
In general, apparent size of an achromatic color varies according to the 
difference of brightness of it. Pfeiffer put this phenomenon in practice to 
measure the effectiveness of different kinds of figures by increasing brightness 
of the phenomenally less effective until it is equal to the phenomenally more 
effective (5). He explained this varying of the apparent size from irradiation 
phenomenon. 
The fact that the lighter acromatic color is, the larger grows apparent 
size throws a fresh light on our problem, but it would be premature to 
conclude that the fact fits also in the effectiveness of chromatic color. 
Correlation coefficient + 0. 95 does not allow to deny the close relation 
between brightness and effect of color. But if we regard the brightness 
as the essential and only factor, we can not explain the results completly, 
because X of white and black which has the highest luminosity ratio is 
+ 1. 24 and smaller than X of orange and blue ( + 1. 87), orange and violet 
( +1. 60), yellow and blue ( +l. 85), yellow and indigo ( +2. 48), yellow and 
violet ( +2. 34), yellow and purple ( + 1. 50), yellow-green and blue ( + 1. 88) 
and of yellow-green and indigo ( + 1. 7). 
Accordingly, we have to find out factors that have a strong effect 
especially on chromatic colors. 
(2) Relation between other attributes of the perception of color and the 
effect of color. 
The perception of color is affected not only hue, saturation and bright-
ness but also by many other psychological attributes which are diverse in 
character such as pronouncedness, mode of appearance, and especially 
when two colors are presented simultaneously, contrast and difference in 
pronouncedness, progression and retrogression, harmony of colors, subject's 
preference and so forth. 
As was already mentioned, yellow-green were most markedly overesti-
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mated when they were compared with dark colors such as blue, indigo 
and violet, and that quantity of overestimation seemed to have gone beyond 
the limits of the quantity that was able to occur from difference of brightness, 
X of yellow and indigo, the highest value among all Xs, seems to have been 
caused by the effect of contrast besides difference of brightness. Being com-
plementrary colors to each other, they were reinforced in their saturation 
and brightness by each other. The highest X of orange was yielded not by 
comparison with indigo that was the darkest color, but by the one with 
blue, complementary color of orange. These facts indicate the marked effect 
of contrast on the overestimation of color. 
X of red and blue-green is of low value in spite of the fact that the 
most intensive effect of contrast, in general, is to appear in comparing them. 
This fact appears to us to deny the effect of contrast, but if we regard the 
brightness as an essential factor, the fact seems to be explainable. 
On the whole, many factor affect intensively on the perception of simul-
taneously presented two colors, especially whose character are extremly 
different, in whatever attribute it may be. These fact are comfirmed by 
introspections of subjects; subject 7. said that when two colors were 
extremly different in character from each other, it was drfficult to compare 
them. And other subject said that to compare dark color with light color 
was difficult, or size on light color was not so distinct that he could not 
compare them properly. 
Accordingly we may conclude that an essential factor which determines 
the effect of color is its brightness. However, there are several ofoer 
factors besides such as contrast, pronouncedness and so forth, and they 
affect more or less en the effect of color in their own way. 
V CONCLUSION 
Results of our experiment can answer the two questions we set at the 
beginning of this paper as follows. 
First, orange, yellow and yellow-green are in general overestimated, 
blue, indigo and violet are underestimated. Red is unsettled. Green, blue-
green and purple are neither overestimated nor underestimated. Taken all 
together, apparent size is largest at yellow of all, and the more the distance 
of a color from yellow on color circle toward either directions becomes, 
the less becomes the apparent size of the color, and is least at indigo. 
Apparent size of white is larger than the one of black. 
Second, the essential factor which determines the apparent size of color 
is brightness of color, in general light color is overestimated and the dark 
is underestimated. 
But we can not explain the results of our experiment enough without 
assuming that there are some other contributory facts affecting the perception 
of the apparent size of color such as contrast, pronouncedness and etc. 
SUMMARY 
There is a phenomenon that apparent size of the objectively identical 
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surface filled with some colors is relatively larger than the one filled with 
others. 
We investigated this phenomenon as a problem of "effect of color on 
the perception of size" employing 12 Zimmermann's standard colored papers; 
red, orange, yellow, yellow-green, blue, indigo, violet, purple, white and black. 
We measured by paired comparison the quantitative difference of apparent 
size between each of 12 colors and others in fashion of measurment of 
quantity of the Miiller-Lyer illusion. 
It was found our results that orange, yellow and yellow-green were 
overestimated blue indigo and violet were underestimated red is unsettled, 
green, blue-green and purple were neither overestimated nor underestimated, 
white was seen as larger than black. 
And correlation of rank of brightness with the one of the quantity of 
overestimation yielded a coefficient of +o. 95. This indicates the close relation 
between the apparent size of color and its brightness. Therefore we conclude 
the essential factor of the color on the perception of size is brightness, 
while there are some other cc>ntributive factors such as pronouncedness, 
contrast and so forth. 
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RESUME 
Quand un plan ou un solide a pareil grandeur objectivement est colon~ 
par certaine couleur, i1 y a le phenomene que le plan OU le solide est evalue 
trop haut par comparaison a eux colore par l'autre couleur. 
Nous prenons ce phenomene comme le plobleme "L'effet du couleur au 
sens de leur grandeurs", et, choisissant le plat comrne nos objets, nous avons 
exarnene quantativement la difference de !'apparent grandeur entre chaque 
couleurs ussant de l'etalon papiers colores de Zimmerman, douze couleurs, 
cet-a-dire rouge, orange, jaune, jaune-vert, vert, bleu-vert, bleu, indigo, violet 
et purpurace dix couleurs, et deux achromatiques couleurs, blanc et noir. 
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Par 1a nous avons eu suivantes consequences: (1) jaune, jaune-vert et 
orange sont evalues trop haut par l'orkre de leur grandeurs, (2) indigo, bleu 
et violet sont evolues trop bas par l'ordre de leur grandeurs, (3) rouge eat 
indefini, (4) vert, bleu-vert et purpurance ne sont evalues ni trop haut ni 
trop bas. 
Le coefficient relatif du volume de l'evaluation trop haut et l'ordre du 
propre luminosite que les couleurs ont, est +O. 95. C'est tres haut. 
Consequenment nous jogons que la cause essentielle de l'effet de couleurs 
est les luminosites de couleurs. 
Bien que c'est suppose que d'ailleurs quelques effets assistants operent, 
ils ne sont pas evidents suffisamment encore. 
ZUSAMMENEFASSUNG 
Es ist ein bekanntes Phänomen, dass, wenn man zwei Flächen von 
verschiedenen Farben, die objektiv von denselben Grösse sind, sieht, so 
scheint die eine gefärbte grösser als die andere. 
Wir untersuchten diese Phänomene als ein Problem von "dem Effekt 
der Farben auf die Wahrnehmung der Grösse". Wir verwendeten dabei 12 
Normalfarbenpapieren von Zimmermann, also Rot, Orange. Gelb, Gelbgrün, 
Grün, Blaugrün, Blau, U-Blau, Violett, Purpur, Schwarz und Weiss. 
Wir massen nach "der Methode der paarweisen Vergleichung" die 
Differenzwert der scheinbaren Grössen zwischen jedem Paar der Farben. 
Diese Anordnung wird gewöhnlich bei der Grössenmessung der Müller-
Lyeschen Täuschungen gebraucht. 
Der Versuchsresultat zeigte im allgemeinen die folgende Tatsachen: 
Orange, Gelb und Gelbgrün deutlich überschätzt, während Blau, U-Blau und 
Violett deutlich unterschätzt wurde; ferner, Rot war unbestimmt, und Grün, 
Blaugrün und Purpur wurden weder überschätzt noch unterschätzt; W eiss 
wurde im Vergleich mit Schwarz deutlich überschätzt. 
Und die Korrelation der Ordnung an der Helligkeit der Farben mit der 
an der Grösseder Überschätzung oder Unterschätzung trug die Koeffizient 
+O. 95. Diese Korrelation bedeut die enge Beziehung zwischen den scheinbaren 
Grössen der Farden und ihren Helligkeiten, d. h. die Farben mit der höhren 
Helligkeiten wurden überschätzt im Vergleich mit Farben mit der niederen. 
Deswegen kann man schliessen, dass der wesentliche Faktor des Effekts 
der Farben auf die Wahrnehmung der Grösse die Helligkeit der Farben ist, 
trotzdem dabei übrige förderliche Faktoren, z.B. die Eindringlichkeit der 
Farbe und der Effekt der Kontrast, wirksam sind. 
